Introduction
The progressively greater number of analytical tests required on a sample and the larger number of samples required for significance of the data demand higher productivity to minimise increases in labour and equipment costs. At the same time, the precision and accuracy of the data must be maintained at the highest possible levels to assure validity of the results. Within the author's laboratories, automation of equipment has been used to meet these objectives of increased efficiency and high quality [1, 2, 3] . Polarography, one of the few routine analytical techniques not previously automated in the author's laboratory, is a labour and equipment intensive technique suitable for automation. This paper describes the development of an automated polarographic unit and compares its performance with nonautomated procedures.
Two considerations are important in the polarographic assay procedures used. First, the cephalosporin antiobiotics, which comprise the largest quantity of polarographic samples tested [6] , undergo decomposition in solution.
Thus, an accurate determination of their purity is possible only when the sample is dissolved just prior to analysis [4, 5, 6] . Second, the solution concentration is directly related to the polarographic diffusion limited current which has been baseline corrected for residual current contributions. Two methods of corrections for residual currents are available: (1) extrapolation of the residual current baseline of the polarogram of the sample being analysed, and (2) measurement of the residual current on a blank solution. The former method corrects for residual currents due to impurities in the sample or other matrix effects but it is more complex than the latter technique where all currents are measured at a constant potential.
Several papers have been published describing automated polarographic systems. The largest number of these systems utilise available Auto-Analyzer (Technicon Instruments Corp, Tarrytown, New York) components. A three-part paper by Lund and Opheim [7, 8, 9 ] is a good example of such flowthrough type systems. The dissolved sample is aspirated from the sample cup and pumped through the flow cell. A less complex system described by Flann [10] [12, 13] . If the transfer of the sample is not complete, the accuracy and precision of the assay will be reduced.
The problems associated with the transfer of the dry sample from the sample cup to the dissolution chamber have been overcome by the authors' group by the development of a sampler unit which dissolves the samples in the removable glass weighing vessels. The design of the sampler also makes it possible to dissolve the sample just prior to analysis to minimise decomposition. The sampler unit has been interfaced with a 3-electrode polarograph (model 174A, E.G. & G.
Princeton Applied Research, Princeton, New Jersey) for analysis of samples.
Experimental
The automated system was controlled by interfacing the sampler and polarograph to an 8080 based microprocessor (model MMD-1, E. & L. Electronics, Derby, Conn., 06418).
The functional block diagram of the system is shown in Figure 1 . It automatically adds any combination of volumes of two possible solvents, mixes the sample, transfers it to the polarographic cell, deaerates and runs the polarographic scan.
These operations can be carried out on a maximum of twenty-five samples before the tray must be reloaded.
To operate the polarograph under the control of the microprocessor, several front panel switches of the polarograph were disconnected and replaced with sub-miniature relays which have gold plated contacts (PZSM-D10058, ITT Components Group, North Andover, Mass., 01845)to minimise resistance. These relays control the "standby" and "scan" functions, make the necessary cell connections and control the recorder chart drive. one on the turntable is below the dispenser head. The microprocessor checks for simultaneously low outputs from the photo-interruptors. This occurs when the slits in the two disks pass through the photo-interruptors concurrently. The motor is then immediately stopped so that the turntable is correctly positioned for the first sample.
Since the tray has twenty-five sample positions and the motor speed is reduced by a factor of 100, the motor must The polarographic cell was constructed with a medium porosity frit in the bottom of the cell. The frit allows nitrogen to flow in such a manner as to obtain maximum deaeration. A flow of nitrogen is maintained over the surface of the sample through a connection on the side of the cell and flow direction is selected by the microprocessor. A hole in the centre of the frit is connected to a vacuum aspirator which drains the cell through a microprocessor controlled solenoid valve. The connection on the lower side of the cell is for entrance of the sample. Fine porosity frits were placed in the sides of the cell and connected to the auxiliary and reference electrode compartments.
Procedure
The operation of the sampler may best be described by stepping through the analysis of a typical sample. The sample is weighed into the removable glass sample vessel on the balance and a magnetic stirring bar is added. The vessel is then placed on the sampler tray. The operating parameters; number of samples, minutes per scan, number of scans per sample and the volumes to be dispensed from each of two solvent reservoirs, are entered on the switch panel. The first sample vessel is positioned under the dispenser head and the selected amount of solvent added by the Hamilton syringe dispensers (Precision Liquid Dispenser, Hamilton Co., Reno, Nev. 89510). The sample vessel is then moved to the mixing station and stirred. If additional solvent is to be added, the vessel is returned to the dispenser station and the dispensing and mixing operations are repeated. Next, the sample is displaced to the cell where it is deaerated and scanned the selected number of times. Completion of the current sample initiates the sequence for the next sample, so that the length of time in solution is the same for all samples.
Possible sources of error induced by the use of this sampler were evaluated. Two obvious sources of possible error were (1) poor precision of the dispensers and (2) contamination of a sample by carryover of the previous sample, since the sampler head is not rinsed between samples.
Dispenser precision was evaluated by dispensing a constant volume of deionized water into nine weighed sample vials. The dispenser was set to deliver about 32 ml of deionised water by four injections of approximately 8 ml each. The accuracy of this volume was not checked since only its reproducibility is critical. After dispensing was complete, the vials were removed and reweighed.
The carryover was checked by alternately placing vials containing powdered methylene blue between empty vials. The dispenser was set to deliver approximately 32 ml of deionised water to each vial. The methylene blue was dissolved and displaced to the sample cell. The cell was drained and the same procedure was performed on the blank vial. This procedure was repeated on four pairs of vials. Samples were withdrawn from the vials containing methylene blue, diluted ml to 250 ml with deionised water and the absorbance measured at 630 nm versus deionised water. The absorbance of the solution in the blank vial was measured after the sampler head had come in contact with it without prior rinsing.
The precision of the total system, when interfaced with the polarograph, was checked by assaying twenty-four replicate antibiotic samples. Approximately 14 mg of the powdered cephalosporin was weighed into each of twentyfour sample vials and placed on the sampler tray. The automatic system was then started. Twenty milliliters of water was added to dissolve the sample, followed by 30 ml of a pH 2. mixed and two portions were displaced to the cell for rinsing.
A third portion was displaced and retained in the cell where it was deaerated for five minutes with nitrogen prior to assay. Each sample was scanned, in the differential pulse polarographic mode, three times.
Results and discussion
The precision of the liquid dispensers was found to be quite adequate for this application (Table 1 ). The mean weight delivered was 31.31 g with a relative standard deviation of less than 0.014%. The carryover in the blank vial was found to be 0.05% of the previous sample's absorbance. Based on this data, rinsing of the sampler head was felt to be unnecessary. The carryover found in the cell, after the initial transfer of the next sample, was approximately four times higher due to incomplete draining of the cell and transfer tubing. To minimise this error, the cell is rinsed twice with the sample prior to filling for analysis. The overall system precision was calculated from the average of the three replicate scans after correcting for differences in sample weight ( Table 2 ). The relative standard deviation in the differential pulse polarographic mode was 0.58%. When only one scan per sample was used to calculate precision, the relative standard deviation was 0.62%. In the differential pulse polarographic mode, an analysis of a sample versus a standard will give a precision of 0.85% (for three scans) since the total variance will contain contributions from both the sample and the standard. Polarography in the sampled DC (Tast) mode gave comparable precision with linearity over a wider concentration range.
Conclusions
The reproducibility of the automated polarograph has. been shown to be better than the 1.6% expected for a manual assay [4] . Moreover, by using the automated polarograph in the 'silent hours', one can assay 40 samples per day with three replicate scans per sample. When only one scan per sample is required, the time can be reduced from approximately 30 minutes per sample to 20 minutes per sample. When operating the polarograph in a manual mode, only about 10-12 samples can be completed in one work shift. Thus, the automated system has more than tripled the throughput and has resulted in increased precision.
Although the sampler was used in this application with a polarograph, it was designed to be used with essentially any instrument that utilises a dissolved sample for analysis.
Each operation of the sampler (eg dispensing, sampling, deaeration, scanning, etc) is written into software subroutines so that reprogramming of the controller for other applications requires only a rearrangement of subroutine calls and redefinition of the functions of the front panel switches. Planned applications of the sampler in the authors' laboratories include the analysis of antibiotics by liquid chromatography and the preparation of UV-visible spectra of standard materials.
